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Abstract Building on these previous studies, the current Study is

A progress report is given at one month from completior?pen to all interested participants, with a mailing list cur-

of the “Six-Month Study on High Energy Muon Colliders: rently consisting of the MC (156 names automatically in-

Oct’'00—Apr'01”. The structure and parameters of the studﬂédelfs) ar?)cvlzlcljiis 31?1‘; :/\r/]itllelgiitseigt%?(;ﬂi\t:aﬁgl gui'g]zrthe
are reviewed and the areas of significant progress and e c.)rt az well as i?]dividual WHtE-UDS On tODICS relIJe antty
sults so far are reported. P Ite-up pi vant to

energy frontier muon colliders.

1 INTRODUCTION
2 STUDY TOPICS AND CHALLENGES
Muon colliders are a potential option for exploring and ex-

tending the energy frontier of experimental high energy he preparation of bunched muon beams suitable for accel-
physics (HEP). Research on muon colliders is at the Sta@éation to collision and, in particular, the ionization cooling
of feasibility studies and this paper reports on the ongd:hannel [9], is the biggest technical challenge common to
ing “Six-Month Study on High Energy Muon Colliders: all muon colliders. The Study concentrates on complemen-
Oct'00—Apr01” [1]. tary aspects of this “front-end” to those addressed in MC
Muons are leptons with a mass 206 times larger than trgudies, namely, on a broader survey of targetry technolo-
electron. It follows that their collisions are expected to disdi€s and on the longer-term possibilities for cooling be-
play similar physics to that of electrons at the same energ@”d the final beam emittances anticipated using ionization
but, in contrast to electrons, the natural energy limitatio§0ling. “Exotic” cooling options include non-relativistic
for circular muon storage rings due to synchrotron radiamuon production or cooling schemes as well as an opti-
tion is not reached until center-of-mass energiesy ~ cal stochastic cooling [10] “after-burner” for the ionization
100 TeV, where the synchrotron radiation energy loss ha&0oling channel.
finally risen to become comparable to the beam power. On The major technical issues that are relatively specific to
the negative side, muons are unstable, decaying with a regftergy frontier muon colliders are 1) affordable accelera-
frame lifetime of 2.2 microseconds into an electron and twéon to the TeV energy scale and above, 2) collider rings
neutrinos. To cope with these decays, the muon bunchééh very large beam demagnifications at the final focus,
must be frequently replenished and then quickly cooled) more serious backgrounds from muons in the experi-
accelerated and collided, and allowance must be made fent's detector and 4) restrictions imposed by neutrino ra-
dealing with the decay products. diation [11], which rises sharply with beam energy.
Historically, most of the dedicated research on muon Table 1 presents the straw-man muon collider parame-
colliders was performed from 1996-9 by the then-nametgr sets used for the Study, Btom = 400 GeV, 4 TeV
Muon Collider Collaboration, including the publication ofand 30 TeV (2 parameter sets) and with respective lumi-
two fairly substantial reports [2, 3]. Now named the “Neu-nosities of £ = 3.0 x 10%,5.0 x 10°%,3.0 x 10** and
trino Factory and Muon Collider Collaboration” (MC) their 3 x 10% cm=2.s71.
main focus [4] has shifted to the related technology of neu- Presuming that a TeV-scale linear electron-positron col-
trino factories. lider is built then the 400 GeV parameter set may not be
The above-mentioned studies by the Muon Collidegonsidered to be truly at the energy frontier for lepton col-
Collaboration considered “straw-man” parameter sets &ders. Itis included partly to illustrate the progression of
center-of-mass energieEd,n) up to 4 TeV. Energies parameters with collider energy.
above this have been considered previously at the week-Much of the 4 TeV parameter set is similar or identical
long HEMC'99 workshop [5] “Colliders and Collider to that presented at Snowmass’96 [2] by the Muon Collider
Physics at the Highest Energies: Muon Colliders at 10 Te\€ollaboration. The most significant difference is a substan-
to 100 TeV” and elsewhere [6]. The majority of the stud+ial reduction in the muon bunch repetition rate, to only 1
ies at HEMC'99 either assumed or critiqued straw-man pddz, in order to reduce the maximum off-site neutrino radi-
rameter sets [7] d&c.p = 10 TeV and 100 TeV. Addition- ation dose to a tiny fraction of regulated legal limits (e.g. 1
ally, Zimmermann [8] raised the speculative possibility oinSv/year in the U.S.). The unavoidable consequence is a
reaching even higher energies uslimgar muon colliders, reduction in luminosity; compensations are a relaxation of
even presenting a parameter set viith,,; = 1000 TeV! component specifications in the areas of the proton driver,
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Progress in the design of FFAG magnet lattices for accel- sibility Study BNL-52503, Fermilab-Conf-96/092, LBNL-
eration [3, 12] has provided the most significant recent ad- 38946, July 1996.
vances in potential cost reduction for energy frontier muo[s] The Muon Collider CollaborationStatus of Muon Collider
colliders. As the acceleration energy increases, the rela- Research and Development and Future P)dftsys. Rev. ST
tively expensive SC rf cavities can become more and more Accel. Beams, 3 August, 1999.
efficiently utilized for recirculating acceleration: the Study[4] m.s. zisman,Neutrino Factory and Muon Collider Collab-
considers as many as 100-200 passes through the same rforation R&D Activities these Proceedings; R.B. Palmar,
linac through use of several recirculating arcs of multi-pass Second Feasibility Study of a Muon Storage Ring Neutrino
FFAG lattices. Design improvements [14] in the average Sourcethese Proceedings.
bending field of FFAG lattices for the Study’s 4 TeV pa-[5] HEMC'99 workshop, "Studies on Colliders and Collider
rameter set may allow the final acceleration arcs to fit in  Physics at the Highest Energies: Muon Colliders at 10 TeV
the collider ring, presumably resulting in a significant cost to 100 TeV”, Montauk, NY, U.S.A., 27 Sept-1 Oct, 1999,
reduction. Proceedings published by American Institute of Physics, web

The two 30 TeV parameter sets obtain very impressive Page: http:/pubweb.bnl.gov/people/bking/heshop/ .
luminosities by assuming beam currents limited only bys] Various publications by A.N. Skrinsky; B.J. Kintyjuon Col-
beam power. This assumption could be met only at an iso- liders: New Prospects for Precision Physics and the High
lated or elevated laboratory site that either greatly mini- Energy Frontiey Proc. Second Latin American Symposium
mizes or totally eliminates any human exposure to the neu- ©n High Energy Physics, San Juan, Puerto Rico, 8-11 April,
trino radiation disk. Beam currents would need to be or- ﬁggrs’Ft‘aerz}]eq’é/tge?gi?%sﬁ‘géfg’}%%‘:g“és;gigg ][\I{I(;Jn(’)]nocl()[}ev
ders of magnitude lower for many-TeV muon colliders at ) '
an existing ?aboratory (e.g. inthe KHC tunnel). This would to 100 Tey Proc. EPAC'98, BNL-65716physics/9908016
. . . . B.J. King, Muon Colliders from 10 TeV to 100 TeYProc.
imply a large luminosity reduction and would strongly mo-

: h - . o PAC’'99, New York, 1999, pp. 3038-4(Qhysics/9908018
tivate a push towards higher specific luminosities. Lower g j King, Discussion on Muon Collider Parameters at Cen-

beam emittances could help, although, for large gains in  ter of Mass Energies from 0.1 TeV to 100 TBYbc. EPAC'98,

specific luminosities, cooler beams would probably need to  BNL-65716, physics/9908016 B.J. King, Further Studies

be accompanied by a tuneshift compensation scheme (e.g. on the Prospects for Many-TeV Muon CollidgPsoc. EPAC

as is being developed [15] for the Fermilab Tevatron) in  2000.

order to evade unacceptable beam-beam tuneshift limits.[7] B.J. King, Parameter Sets for 10 TeV and 100 TeV Muon
Two straw-man parameter sets at 30 TeV in were in- Colliders, and their Study at the HEMC’99 Workshaoc.

cluded due to uncertainties in the difficulty of final focus  HEMC’99 [5], physics/0005008

designs at such high energies. Encouragingly, an attractigg r. zimmermannFinal Focus Challenges for Muon Colliders

lattice design now exists [16] that appears to meet the more at Highest EnergiesProc. HEMC'99 [5].

difficult of the two final focus specifications (i.e. 30 Tev[g] Contributions to these Proceedings by J.S. Wurtele and G.

setA). Penn, by Y. Fukui, by E.-S. Kim and M. Yoon, and by C.-X.
Wang and K.-J. Kim.

3 SUMMARY [10] A.E. Charman and J.S. Wurtel®Quantum Mechanical
Treatment of Transit-Time Optical Stochastic Cooling of

The structure, study topics, straw-man muon collider pa- Muons these Proceedings, and earlier references contained
rameter sets and technical challenges for “Six-Month Study therein.
on High Energy Muon Colliders: Oct'00-Apr'01” have [11] B.J. King, Potential Hazards from Neutrino Radiation at
been summarized at one month from completion of the Muon Colliders physics/9908017B.J. King, Neutrino Ra-
study. The extremely high constituent particle energies and diation Challenges and Proposed Solutions for Many-TeV
luminosities of the parameter sets presented in table 1 con- Muon Colliders Proc. HEMC'99 [5].
tinue to suggest that muon colliders could play a centrgd 2] p. Trbojevic, E.D. Courant and A. GarreRFAG Lattice
role in exploring and extending the HEP energy frontier.  without Opposite Bend®roc. HEMC’99 [5].

The study has already resulted in encouraging prOgress[PS] A.A. Garren,A Scaling Radial-Sector FFAG Lattice for a
areas such as the final focus lattice design and cost-efficient y,on collider Proc. of HEMC'99 [5]; Y. Mori, Toward Neu-

acceleration. trino Factory — FFAG Accelerators for Muon Beam Acceler-
ation, these Proceedings.
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Table 1:The self-consistent “straw-man” collider ring parameter sets used for the Study.

center of mass energyEcom 400 GeV 4 TeV 30TeVA 30TeVB
description top threshold  frontier  many-TeV many-TeV
collider physics parameters:
luminosity,£ [em™2.5s71] | 3.0 x 103 5.0 x 103® 3.0 x 103° 2.0 x 10%°
[ Ldt[fb~! /year] 30 50 3000 2000
No. of up — ee events/det/year 16 000 270 290 190
No. of (115 GeV) SM Higgs/year 14 000 55000 5.1 x10% 3.4x 108
CoM energy spread; /E [103] 1.4 1.0 0.14 0.07
collider ring parameters:
circumference, C [km] 1.0 8.7 45 45
ave. bending B field [T] 4.2 4.8 7.0 7.0
beam parameters:
(u~ or) uT/bunch,Ny[10%2] 4.0 35 2.3 2.2
(u~ or) u* bunch rep. ratef;, [Hz] 15 1.0 7.5 10
6-dim. norm. emit.¢sn[10~2m?] 170 170 100 82
esn[1074m3. MeV /c’] 2.0 2.0 1.2 1.0
P.S. densityNy/esn[10%2m—3] 2.4 2.2 2.3 2.7
X,y emit. (unnorm.) f.um.mrad] 41 2.4 0.19 0.17
X,y normalized emit.f.mm.mrad] 77 46 27 24
long. emittance]03eV .s] 10 28 48 50
fract. mom. spread, [10~3] 2.0 1.4 0.20 0.10
relativistic~y factor,E,, /m,, 1890 18 900 142 000 142 000
time to beam dumptp [y7,,] no dump 0.5 no dump no dump
effective turns/bunch 620 450 1040 1040
ave. current [mA] 24 0.63 12 15
beam power [MW] 3.8 2.2 83 106
synch. rad. critical E [MeV] 1.1 x 1077 0.0013 0.11 0.11
synch. rad. E loss/turn 0.6 keV 700 keV 450 MeV 450 MeV,
synch. rad. powef 15w 470 W 5.2 MW 6.6 MW
beam + synch. power [MW] 3.8 2.2 88 113
decay power into beam pipe [kW/m] 2.1 0.06 0.8 1.0
interaction point parameters:
rms spot sizeg, ,, [pm] 18 2.7 1.0 1.3
rms bunch lengthy, [mm] 7.5 3.0 4.8 10
5y (Mmm] 7.5 3.0 4.8 10
rms ang. divergencey [mrad] 2.3 0.90 0.20 0.13
beam-beam tune disruptioAyr 0.056 0.083 0.092 0.100
pinch enhancement factdis 1.02 1.08 1.09 1.11
beamstrahlung frac. E loss/collision negligible 6 x 107 9x 1078 2x 10"
final focus lattice parameters:
max. poletip field of quadsBs, [T] 10 12 15 15
max. full aper. of quadA5,[cm] 18 18 18 12
quad. gradienBs, /A 15, [T/m] 110 130 160 250
approx. Smax [km| 8 140 1800 800
ffdemag.,.M = /Bmax/3* 100 7000 19 000 9000
chrom. quality factorQ) = M - ¢ 0.003 10 4 1
neutrino radiation parameters:
collider reference depth, D[m] 20 300 100 100
ave. rad. dose in plane [mSv/yr] 7 x 107* 9 x 1074 6 7
str. sec. len. for 10x ave. rad. [m] 1.6 1.1 1.9 1.9
v beam distance to surface [km] 16 62 36 36
v beam radius at surface [m] 8.4 3.3 0.25 0.25




